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FOREWORD 

The development work described herein was conducted by Life Systems, Inc. at 
Cleveland, OH under contracts NAS9- 14658 and NASS- 16065 during the period 
July, 1976 through November, 1980, The program managers were Franz H. Schubert 
and Eugene P, Koszenski. The technical effort was completed by K. A. Burke, 

E, P. Koszenski, J« 0, Jessup, D, W. Johnson, Dr. J. B. Lantz, G. P. Neurohr, 

J. D. Powell, J. Shumar an'l Dr. R. A, Wynveen. 

The contract's technical monitor was Mr. Nick Lance, Jr., Crew Systems Divi- 
sion, Lyndon B, Johnson Space Center, Houston, TX 77058. 
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SUMMARY 

Several spacecraft Life Support/Environroental Control subsystems are currently 
being developed that utilize or produce hydrogen. Although these subsystems 
are designed to minimize the possibility of gas leakage, hydrogen sensor/alarro 
subsystems are required to warn crew members and shut down equipment to prevent 
accumulation of hazardous atmospheres should such leakage occur. Periodic 
calibration of conventional hydrogen sensors, particularly if located in 
remote locations, is impractical for spacecraft applications. Additionally, 
conventional sensors provide neither fault detection and isolation nor spare 
sensor redundancy. 

To meet sensing and calibration needs Life Systems developed an in situ cali- 
bration technique based on electrolytic generation of a hydrogen/air atmosphere 
within a hydrogen sensor. The hydrogen is generated from water vapor in the 
air (no expendables are required) and, being electrical in nature, the in situ 
calibration can be performed completely automatically in remote locations. 

The validity of this concept was demonstrated successfully during a previous 
portion of contract NAS9-14658. 

To meet the need for fault detection and Isolation and sensor redundancy. Life 
Systems also developed a Triple Redundant Hydrogen Sensor concept. Triply 
redundant sensor elements are Integrated within a single, compact housing, and 
digital logic provides inter-sensor comparisons to warn of and identify malfunc- 
tioning sensor elements. 

The validity of the in situ calibration concept and triple redundancy had been 
established previously. The objectives of the contractual efforts reported 
herein were to further evaluate the in situ calibration technique using Life 
Systems' Triple Redundant Hydrogen Sensor head, to evaluate the detection 
characteristics of this device and to design, fabricate and checkout test two 
complete TRHS Subsystems for delivery to NASA. These subsystems included 
sensor heads, signal conditioning, fault analysis, alarms and shutdowns, 
readouts and fully automated in situ calibration instrumentation. 

Evaluation of the TRHS detection characteristics showed that the sensor output 
was linear to 2.1% hydrogen, responded to hydrogen concentrations below 0.01% 
and demonstrated negligible zero drift, 0.02% hydrogen per month span calibra- 
tion stability, negligible position sensitivity and a temperature sensitivity 
of only 0.0009% hydrogen/K (0.0005% hydrogen/F) at 0.5% hydrogen. The baseline 
drift and calibration stability was demonstrated over 8l60 hours. 

The composition of the hydrogen/air mixture created in the TRHS during the in 
situ calibration experiments was reproducible to ±0.02% hydrogen over a three 
month period, during vdiich the relative humidity varied between 40% and 56%. 
Hydrogen/air mixture composition variations of only ±0.06% were observed over 
virtually the entire spacecraft temperature/humidity range, 291 K (65 F) to 
300 K (80 F) and 26 to 70%, respectively. Position and draft sensitivity were 
qualitatively observed to be negligible. 

Based on the performance of the TRHS sensor head, an electronic automatic 
background zeroing concept was developed that will permit the sensor to be in 
situ calibrated without interference due to small, non-hazardous background 
hydrogen concentrations at the sensor head. 
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Based on the successful performance of the Triply Redundant Hydrogen Sensor 
l» <ad, a Triple Redundant Hydrogen Sensor Subsystem was developed. These units 
performed completely automated in situ calibrations with auto background 
zeroing and provided fault dctection/isolation, multiple alarm and monitoring 
features » The subsystems had nonoptimized total volumes of 9300 cra'^ (570 in^), 
weights of 4.6 kg (10.2 lb) and power requirements of 17 watts, 

Two Triple Redundant Hydrogen Sensor Subsystems were checkout tested. The 
sensor outputs were linear to within 0,01% hydrogen. The in situ calibrations 
were setup to be witbrn 0.02% hydrogen of a standard gas calibration at A8% 
relative humidity, Some initial effects of nonideal redundant sensor synunetry 
on the fault det^ictlon/isolation logic during autocalibration were eliminated. 

All autoprotection/fault isolation features performed properly. Additional 
tests will be performed by National Aeronautics and Space Administration, 

It was concluded that the hydrogen sensing subsystem has successfully met the 
development objectives. Additional efforts to develop, characterize and 
flight test an Improved prototype hydrogen sensing subsystem are recommended, 

PROGRAM ACCOMPI.ISHHENTS 
Key program accomplishments were: 

• Demonstrated that tsi's Triple Redundant Hydrogen Sensor (tRHS) 
sensor output was linear over the range 0 to 2,1%, had negligible 
baseline drift, negligible position sensitivity, 0.02% hydrof>A per 
month span calibration drift at 0.5% hydrogen, better than 0,01% IL 
resolution and only 0.0009%/K (0.0005%/P) temperature sensitivity at 
0.5% hydrogen, 

• Demonstrated ±0.02% H„ in situ calibration atmosphere reproducibility 
over three months and'^over a 40 to 56% RH range for TRHS sensor 
head. 

• Demonstrated over 340 days of TRHS sensing element operation with no 
failures . 

• Demonstrated successful integration and operation of complete TRHS 
subsystem with capabilities to in situ calibrate H 2 sensor completely 
automatically with zero labor, external apparatus or expendables and 
to provide variety of failure detection/ isolation and alarm functions. 

INTRODUCTION 

Many spacecraft Life Support/Environmental Control subsystems are currently 
being developed that utilize or produce hydrogen (H^). These are designed to 
be leak tight. If a leak should occur, however, ana H„ leaks into confined 
spaces or is permitted to accumulate, hazardous, potentially explosive gas 
mixtures can result. Prevention of these situations by incorporating combustible 
gas safety design criteria is mandatory. Hence, a definite requirement for 
future space vehicles is to provide detectors for the presence of H 2 so that 
corrective measures can be taken before the crew is exposed to danger. Such 
detectors must be periodically zero and span calibrated and require failure 
detect:. on capabilities to promote operational reliability, This report dis- 
cusses the development of a unique H 2 sensor subsystem to meet these requirements. 
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Background 

Calibration* of IL seniors by conventional means are impractical for spacecraft 
applications and are tedious and time-consuming. They would involve removing 
the sensor from its location and providing an environmental chamber and cali- 
bration gases or bringing the environmental chamber and calibration gases to 
the sensor location. Several disadvantages of the existing calibration pro- 
cedures for IL sensors includes the weight penalty at launch for external 
calibration hardware, the excess crew time required for performing frequent 
sensor calibrations, and flight maintainability and safety ground rules pro-^* 
hibiting performance of maintenance on subsystems while they are operational'' 
(requiring subsystem shutdowns or a violation of the maintainability and 
safety rule). 

To overcome these limitations, life Systems, Inc. (LSI) developed a unique in 
situ calibration concept, in which hydrogenAi*^ calibration mixtures can be 
generated integrally within the sensor, automatically and with no expendables 
or external calibration apparatusf The advantages of this technique are 
summarized in Table 1. The validity of LSI's in situ^cqlibration concept was 
successfully demonstrated under contract NAS9-U»658.^ * * 

Additionally, fault detection, fault isolation and spare sensor capabilities, 
although particularly important for spacecraft applications, are not available 
on conventional combustible gas tensors. The size of most such sensors inhibits 
their effective consolidation to form thu necessary triply redundant subsystems, - 
and frequent intercomparison of individual sensor response in a atmosphere 
is impractical. To meet these needs, LSI developed a Triple neduhdant Hydiogen 
Sensor (TRHS) concept, in which three independent sets cf sensing elements 
would be Integrated into a single, conventional sized sen.*?"?' head and perpetually 
compared with each other electronically to provide fault detection an^\ is^riation 
The advantages of this concept are listed in Table 2. 

Concepts 

The in situ span calibration method consists of creating a 0.5% hydrogen/air 
mixture within the flame arrestor ca*rity of the H„ sensor with a miniature 
Water Vapor Electrolysis (WVE) cell (see Figure 1;. This cell generates 
hydrogen from water absorbed from the air by its electrolyte. The hydrogen 
mixes rapidly with air diffusing through the flame arrestor to create a hydrogen/ 
air mixture of consistent composition, proportional to the electrolysis current 
of the WVE cell. 

A nearly constant concentration of hydrogen can be generated by the WE cell 
within 1.5 minutes of the start of an in situ calibration. This is accomplished 
by applying a sequence of different currents to maintain the WVE cell in a 
poised condition, to flush out excess air and then to generate a nearly steady- 
state sensor output plateau, as illustrated in Figure 2. This sensor output 
plateau corresponds to a fixed hydrogen concentration, as determined by the 
VIVE, cell current. The detector can then be calibrated by quickly adjusting 


(1) References cited at end of report. 
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TABLE I ADVANTAOES OE IN SITU CALIBRATION 


• Provides ertsdibility for senaor output. 

• PerraitB automatic or centrally initiated 
calibration of remotely-located aensora 

• Saves personnel time normally required for 
calibration 

• Eliminates need for support equipment (e.g. , 
calibration gases and apparatus) 

t Avoids human error 

« Allows increased frequency of calibrations 

s# Low maintenance makes placement of sensors in 
relatively inaccessible locations practical 
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TABLE 2 ADVAin-AGES OF A TRIPLY REDUNDAJ1T SENSOR 


• Avoide "fbiil-low“ foilute mode of single sensoi: 
and therefore 

- Eliminates possibility of a leak going undetected 

• Allows fault isolation of combustible gas sensor 

• Avoids "Fail-high" failure of single sensors and 
therefore 


" Avoids unnecessary downtime of monitored facilities 

- Avoidf} unnecessary leak location activxties 

- Avoids stress on operators 

Lower volume and weight with three sensors integrated 

Hedundant oensor elements eiiminste emergeney repairs 
to or replacement of sensor head to maintain safeguard. 
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Porous Metal 
Flame Arreator 


Senslogx 

Elcmenta^^^ 


WVE Cell, V 
Cathode'®' 

WVE Cell, 
Matrix^®' 


WVE Cell 
Anode''^' 



Uo Sensor 
Output 


WVE Cell 
Current 


(a) Catalyst coated and reference temperature 
sensors (electrically self-heated) 

(b) Generates U, which is admitted to H 2 detector 
sensing cavity 

(c) Contains water and electrolyte 

(d) Generates 0 ^ which is admitted to atmosphere 

Anode Reaction; H 2 O ■ J 5 O 2 + 2H + 2e 

M 

Cathode Reaction; 211 + 2e ■ H 2 


Overall Reaction; H 2 ® ** ^2 + ‘SO 2 


FIGURE 1 IN SITU CALIBRATION CONCEPT 
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the »ensoE outimt at the pUteaiv/to ceerespond coeref Uy to the generated IL 
enueentratioft. Reing completeXy eleetrleal in natui*e» the ealihration cyel8 
mix be totally automated. | 

Additionally, an aufeoamfcle bnekground sserolng eoneept was developed to nullify 
the effeeta of any awall Cnonhaaardoua) hydrogen concentration that may be 
present in the atmosphere that would interfere with the in aitu calibration 
cycle. The corresponding bachground tHg contamination) indication ia anto- 
mattcally subtracted from the aeusor^output just before the in situ cali- 
bration, then reatored juat after, as illustrated in I^igure 3. 


In liSl’s TRllS concept, three pairs of very low-pov'jer, low temperature catalytic 
coft»bustion-tyi^e senaor elements (electrically self-heated) are integrated into 
a single sensor head. Each element of the siK (three catalyst coated, three 
reference) is isolated from the others, but shares a common flame arrestor. 

All element pairs are perpetually compared with each other (I versus 2, 2 
versus 3, 3 versus 1) to detect, and warn, if any one of the three pairs have 
changed output relative to the others, indicating its probable failure, If 
ail three are found to disagree (sensor no longer reliable), alarm/ shutdown 
signals are provided to alert crew and, optionally, shut down any H,, - con- 
taining systems in the sensor's vicinity* *" 

LSI's triple redundancy concept is tpiile compatable with the in situ calibration 
technitpie, and both concepts have been Integrated into a single sensor head. 
Justend of mi ll,j/air mixture being formed around a single pair of sensor 
elemeutB, the generated by the WE splits and forms an independent, but 
nearly identical, atmosphere around each element. A sensor combining the 
triple redundancy/in situ calibration concepts enhances the capabilities by 
providing for frequent redundant sensor intercomparisons in a (versus air 
only) atmosphere. 


Objectives 

The objectives of tJie program portions covered by this report were toi 

# Further evaluate in situ calibration technitiue, using a fully inte- 
grated \m eell/:i^ sensor head, LSI's TEES, 

• Evaluate TEES sensor head detection cUara etc vis ties. 

♦ Design and fabricate two complete TEES Subsystems, Including sensor 
heads and signal conditioning, fault analysis, alarms and readout 
instrumentation and fully automated In situ calibration instrumentation. 

• GUeckout test the two Subsystems and deliver to NASA for further 
evaluation. 

Report Organtaation 

This report covers two contracts, The work performed under Contract NAS9-lA(i58 
between July, 197b, and August, 1978, is discussed li\ the TEES Sensor Head 
Evaluation section. The work performed under Gontract NAS9-l(i065 between 
February, 1980 and November, 1980 is discussed in the TEES Subsystem Develop- 
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ment Section. The Conclusions and Recommendations section apply to both 
contractual efforts, as do the Summary and Introduction sections covered 
previously. 

TRUS SENSOR IffiAD EVALUATION 

The validity of the in situ calibration technique has been established previously 
using an experimental breadboard.^ * ^ This consisted of a commercial, general 
purpose combustible gas detector, with flame arrestor removed, interfaced with 
a special miniature WVE ce?.l and a cylindrical flame arrestor. However, the 
in situ calibration method had not yet been evaluated with an H, sensor spe- 
cifically designed for this function. These capabilities were therefore 
evaluated for LSI's TRHS sensor head, which includes triply redundant H» 
sensing elements and a miniature WVE cell integrated into a single compact 
unit. The detection characteristics of this device were also evaluated, 

TRHS Sensor Head 

The basic TRHS sensor head is shown in Figure 4. The parts for this device 
are as shown in Figure 5, except for a few minor modifications that were 
performed during the test program. IVo such sensor heads, labeled PP-1 and 
PP-2, were evaluated at different points of the test program. 

Test Support Accessories 

Readout of each of the three redundant elements of the sensors was accomplished 
With breadboard signal conditioning electronics. Data readings were taken 
with a digital voltmeter, connected to each of the sensor element outputs 
sequentially with a selector switch. One channel only of a TRHS sensor head 
was also monitored with a chart recorder to provide semiquantitative informa- 
tion about the tests. In situ calibration plateau sequences (Figure 2) were 
timed with a stopwatch. Otherwise, instrumentation for initiating these 
plateaus was similar to that reported previously.^ ' ' 

(2 3 ^ 

The test setup was also similar to that reported previously,' ’ ^ except that 
a heat exchanger was added to the test chamber to permit variable temperature 
control, and additional gas inlets were added to the test chamber manifold. 

Test Procedures 


Standard Calibrations 


Calibrations with certified H^/air standards were performed for four purposes; 
to determine initial sensor calibration curves, to monitor long-term span cali- 
bration stability at various times with 0.5% H 2 , to provide an atmosphere for 
evaluating position sensitivity and for comparison of sensor response to standard 
atmospheres and in situ calibration plateaus. The test chamber was typically 
purged with the gas standard (typically one hour) , followed by recording of the 
sensor readout at steady-state. After establishing calibration curves, all 
sensor outputs (as voltages) were subsequently converted to indicated hydrogen”** 
concentrations. 

\ 

•1 

;{ 
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In Situ Calibration Plateaus 


A test sequence like that shown in Figure 2 was used to obtain calibration 
plateaus (approximately steady-state hydrogen/air mixtures within the sensor 
head). The WVE was maintained at an idle voltage of 1.5 V, and the preplateau 
and plateau were performed at 15 mA/cm^ and 3.3 raA/cra'^, respectively. The 
plateau reading was taken after a period of 90 seconds, total (60 seconds for 
the preplateau and 30 seconds for the plateau). A minimum of eight hours of 
environmental equilibration was normally allowed between measurements of 
calibration plateaus. 

TRHS Sensor Head Detection Characteristics 

The TRHS sensor heads were tested for a variety of detection characteristics 
to demonstrate their applicability for spacecraft use. The results of these 
tests are described below. 

Calibration Curves 


The sensor head should be linear to permit unambiguous H 2 concentration readouts 
and calibrations. Calibration curves for PP-1 and PP-2 were both linear. 

Figure 6 shows the calibration curve for sensor PP-1. The curve for PP-2 was 
only slightly less linear (worst case deviation from a straight line of only 
0,04% ¥-2 over the range of zero to 2.1% H 2 ). 

Baseline Stability 

Instrument baseline stability is very important, since it limits meaningful 
sensor sensiti*<dty , accuracy and in situ calibration reliability. Baselines 
for both PPl and PP-2 were extremely stable. The baseline was virtually 
unchanged after 340 days of operation for PP-1, as shown in Figure 7, and 
after 170 days for PP-2. Therefore, no zeroing of the TRHS sensor head ba^ - 
lines will be required (as opposed to auto background zeroing during an in 
situ calibration). 

Sensitivity 


High sensor sensitivity permits noting the existence of H 2 /air atmospheres 
long before they become hazardous. The TRHS is very sensitive. Very small 
hydrogen concentrations in the laboratory due to an accidental discharge of 
hydrogen coincided with very small deviations observed in the hydrogen sensor 
baseline (less than 0.01% hydrogen). This pickup was distinguished from very 
small random baseline variations by the fact that all three channels responded 
in exactly the same way. 

Span Calibration Stability 


Span calibration stability limits the reliability of the H 2 sensor between 
calibrations. Long-term calibration stability, for 0.5% hydrogen, was good for 
both PP-1 and PP-2, within 0.02% H 2 per month, as illustrated in Figures 8 and 9. 
Redetermination of calibration curves for sensors PPl and PP2 after 5.5 and 4.3 
months of use, respectively, also showed that linearity was retained. 
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Te mpera ture Effect* 

Variation* in environmental temperature over the range of 291 to 31$ K (64 
109 F) had little effect on detector calibration, a* *hown in Figure 9. A 
worst case temperature Bensltlvlty wa* only 0,0009% H^/K (0.0005% h,/F). 
Therefore, spacecraft protection will not be deteriorated by cabin temperature 
variations. 

Position Sensitivity 

Figures 10 through 13 show that the TRHS exhibited essentially no position 
sensitivity when rotated about both axes. This position insensitivity contrasts 
sharply with the position sensitivity exhibited by at least one commercial 
combustible gas detector. (The apparent slight radial position sensitivity in 
0.5% Hg is believed to be due to known inhomogeneities in the test chamber , ^ 
atmospnere due to purge flow direction, not to actual position sensitivity.)''**'^ 
It is therefore projected that zero gravity will not affect sensor performance. 

In Situ Calibration Characteristics 

The effects of various environmental parameters on the in situ calibration 
plateaus were evaluated to determine the suitability of this technique for 
spacecraft application. 

Calibration Plateau Repeatability 

The usefulness of the in situ calibration technology will be limited by the 
repeatability of the calibration plateaus. Repeatability of in situ calibra- 
tion plateaus was therefore examined as shown in Figure l4. Despite the 
limitations of manual readings during the experiment and relative humidity 
variations in the 40 to 56% WI range, the in situ calibration plateaus for the 
TRIIS sensor head were repeatable; within ±0.02% H_ over a three month period 
(days 8 to 100) , 

Relative Humidity/Temperature Effects 

The relative humidity (RJl) and temperature of a spacecraft cabin environment 
will vary over the window outlined in Figure 15. The WVE cell in the TRIIS 
generates from water vapor absorbed in the electrolyte. The amount of 
water available in the electrolyte will vary with the dew point and tempera- 
ture of the surrounding air, which combine to determine the relative humidity. 
Therefore, it was necessary to determine the effects of these two parameters 
on the in situ calibration plateau. The PP-2 TRHS was evaluated at the points 
indicated on Figure 15. 

Prior to performing these experiments, the dimensional tolerances of the WVE 
cell housing (Figure 5) were modified to improve sealing and stacking of the 
electrode sandwich under the influence of variable relative humidity conditions. 


(a) Recent Internal Research and Development (IRAD) tests in an essentially 
still 0.5% Hg atmosphere have confirmed that radial response position 
sensitivity is negligible. 
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Relative Humidity Effects . The effect of variable relative humidity at various 
temperatures within the spacecraft environmental window are shown in Figure 16, 

An in situ calibration consistency of ±0,04% was restricted to portions of the 
window above 38% relative humidity. 

i'i 

However, the anode of the WVE cell was observed to have some curvature, pre-^ 
sumably due to inadequate support at the center. It was believed that some 
loss of snode/matrix contact occurred at low RH due to shrinkage of electrolyte, 
resulting in inadequate IL generation or IL leakage and low in situ calibration 
plateaus, ^ 

As a result of these findings, the TRHS in situ calibration plateaus were re- 
evaluated following implementat||Lon of a temporary support that made anode 
contact with the electrode sandwich more uniformly flat. The results of these 
tests, in Figure 17, show that ±0.06% in situ calibration plateau consistency 
can be obtained over virtually the full spacecraft relative huraidity/temperature 
window. This is well within NASA’s requirement for a ±10% full scale accuracy 
(±0.2% H„ for a 2% linear calibration range). It is believed that this accuracy 
can be improved with further WVE cell development, since it is not limited fimda- 
mentally. 

Temperature Effects . No independent temperature effect on in situ calibration 
plateaus is obvious In Figures 16 and 17, even thou gh t he temperature varied 
between 291 and 315 K (65 and 108 F) (see Figure 15). It was therefore tenta'f- 
tively concluded that an in situ calibration Will not be significantly dependent 
of spacecraft cabin temperature at constant relative humidity. 

Position Sensitivity 

Because of zero gravity conditions in spacecraft, it is important that the in 
situ calibration not be position sensitive. Therefore, an experiment was 
performed in which the sensor head was qualitatively moved into a variety of 
positions during an in situ calibration plateau. The effects of the sensor 
positions were nearly insignificant, It is therefore concluded that the in 
situ calibration is unlikely to be affected significantly by operation in zero 
gravity. ' ^ 

Draft Sensitivity 

The in situ calibration must be performed while nearby spacecraft using/ 
generating systems are operational. In fact, forced convection may^be used 
around such systems to ensure that combus tibia gas pockets do not accumulate. 
Consequently, it was important to evaluate whether air velocity had signifi- 
cant effect on the in situ calibration plateau. It was observed, qualitatively, 
that variations in air velocity had little effect on the in situ calibration 
plateaus even when pointing a small blower point blank at the flame arrestor 
of the TRHS sensor head. It is therefore concluded that the TRHS in situ 
calibration is essentially draft insensitive. 


(a) Recent IRAD tests with an automatically calibrating TRHS subsystem have 
confirmed that the position sensitivity of the in situ calibration is 
negligible. 


25 



In Situ Calibration Plateau Minus Standard Calibration 


Systems, Jhc, 


♦ f4« ttn > . I 

«»•« j ^ I V. T 

Ti** tJJ? •*♦**♦*♦•. 

♦*i« *«**l*»Cf 

liji .un:;;; 


|}J JiJi ?**• «»t# 

!ii J4li mi iiti 

ft* 4 *»« TiiT TTST iTJt Tft? 

;*ti •••• **•» *.-* •'»( 

!f 1!!; ?iji iS}; :r.i 

••M tMJ Mi* ♦♦♦♦ 


m iiii iii! •• 

ill nil iln inf iih iin 

nit nn ipf tiir ~if 
li: ill ] 11 1 Iiii I 


.MM 1*M 1*** *11^ ^ Ml*!*** •*** *=« 

'• K S Mil liJl MM M*' **-• **M1-,*- ^ 

iilii ttTT ti fi if nnl^ .mum. i 

.yiru Ini aii Iiii ilfai: : 

t.i:{iin HH i«: linllli- .‘tf-H :? tif; Kif I 
*•#1 iiii Pi Mpjp-’f P iiito iilpii iii! ill! i 


ill 


:jt|||!i?rff ml 




iM*l»« »T-j*»** 


- » » * • * al«« 

a til 

*••• M*t **'*! 


:?M uti 


f Mjf pi!l:i|!i 

I ill Ip 1.1 

iffiiUiiii! IHI 


im !!ii 

}jh. «» t;I; 


!« MO HI 

If ii: 


ii I 


it fm In F* tni 

II ilir fHf iiii M 


m; TTiT-IlT 
n;t i;ti 
Hi im 

lif 

:iii 


iifTTrn- tjttttTT "T 
!!!! !**t IU« i 

lilmliJliliiliJ 

* 
Mill PI 111 ? ^ 


|l|l III! |i|l 

mnu m.] 



HI: iiii 

HJi Itfi 
r*s !!!; 
nttutt 

!|!t t:j: 
Ml* 

♦J31 1 !*| 

itn ;::H 


||;f H;} Ifu 

TRj iijj HTG 

iii* 111 


iti: su; ;;g 

fill **15 

. jjj:. in 

tui 5Murn rr.! t.t* 

iljilllilii 

ftt* H t ** -*tf **♦* *♦** 

il|i 4r;f*:j‘ i*;| 

illl j t ll 

in: .*!*m*H «*if im 

5**| t||j 5 |h !mi IjjI H*: 

fiffiiiii 

IIII lip lip 

i » i ' *1^ TT ^ TTTT T*T T?*^ 

ill nil :*n ill* m idi 

♦It; Utiflllj 

. 4i 44}44 iuHHt 

♦** #Hi 1* I lilt *1* ♦'** 
♦5t tlii i*li ItM Mf f4f 
M-? ’•«? iii* tt* *♦;} 

■pmptPiiO 

f Hllfm il i- 

iiiOiiii 

ijlilifflii 

sfiil 

Bi 


Ktrirrn; 


iPi 

fit!!! 


Hi: mi 

tttt tH? - 

JJJ* 
Mf •’ 

III’ 

; }?j; in: 

' ts;r i:r. 


ifliiliiittitil 


iip iM 

iS Mf **tl llM ;.J* !*^ t**T tiii Mi* Til'' iSft t" T ‘ ilT^ T " ' i • i . 

MJil*;* «*- •-» M*.: ;*ii MM Mf! ♦ 15 ♦ ♦ Ml i f : f 

*^*/M*tH *f** n? Hff H: ***^ iifl ^ ill 1 ‘ 

nl;;!;;- j iff ;;i; i:;# ■••: ;::: ifh ijtj Itif ml H-| [ f i;j| ||n | » J!J| n 

T*t^' | T*t ' " * * ** ♦»*.*■ m|.i 4 I 7 ! |*«| ||j | |»M til, |f t i!i ’ 

: * M*i !*'’ 2*1* t5«* Ml} IlHl'l I If 111 1»M t»*l ♦ 

*/m i-i* i*** 555’4;ih J a JHl tUl rlJL**** *’l* *^^1 V*h t 

f*M.e ' MM f::i irm. im mm **ff m+ 44^ ■ 


ilif *1'** ♦JTJTJTSTTTTTT 
• iMt MJl *ltl t!M *1*» *'*♦ 53? 

•1M!1 ***» i*-* 5555 5555 it! 

'♦Irttf f??J ff** rl**’ +♦'►* ***i 5tf 


•*t’5 t» 


InfP 

] ::r un 

liUi *'■■' 

**•4 *♦♦♦ 

*,M 

•«ta. * 


> 4 , 


h:;rl;il[ ill 




'» > » 

>« • » I « -. I 

;rf:i:**: 


! ;tr ji!.- 

> («tt 4 >*** 

> >*» ' I liln 

: i;:.- 


iltT-.;: .-..j,.:; j;jj j;- lUj .... 

TrrT-t-r- -trfttrr* tt 4 iui 1 . 4 il.iti,. ■ ;:![ 

•'.'••insf Ut| 

iltuim ' •■'I ;; * : '*• iii;: imi;";! '.;•■•; .’i-m*:] iiiijml 

• '5 *' »tTTrt** ^*"**r*^ r— m>»*;***** 5 *^» . ^m;* *)** 

.. .u.rl u*; 

. . '• IM'lM 1 J* ♦ ««•>««■** . J . .f .} ’.li! } !?* f I 


fimfel 


a — •T-: . n , ni-nr’‘t , 1 

“ 50 60 70 80 

Relative Humidity, % 

figure 16 EFFECT OF REUTIVE KOMIDICT ON CALIBRATION PUTEAUS 




In Situ Calibration Plateau Minus Stanclard Calibration, % H, 


£(fe Systems, Jhc. 











S t a 



'*»*•» 


■•‘rl 

■xc*cc*mm* 

’■.'In . 






ifKili: 

tnt 

• 4 <* •&>« 

»» 1 * I*** 
««•« 

»> 4 « 

liis his 


Zitjn ^ 




sil . I- ; channel 3 of 
I J‘ir -1 ! K: ” ; PP -2 TRHS 

^CS<Sj|n#«»«cS ♦-^ ^ T^ **** 't , t t >.«•• *4 

'I f/r 

*’* ♦'« 't***#-**! «*« 34 *SX. x» 31 * 9 «»- »•-. 

hIk: ini’i! -dj;': jijibjO 

♦» ***. «»» 9 ' 4 i '*wr |g» 

iitt aw I i««i}»«aa «xurf.* ' «-«* .a-. . *H •*.« 

xCoa.* «s »**« 

i**»*E. e«9lfs««» T, »**»»-* •**4 4*4« st*x ••*r* 

•s * *♦»« •♦♦♦I «•• •••>-(«•«. *■*• »•« *«»»«»«• 

: ( ■ X «{«•> «***}v«*f «••• »94a rt’m >»««' 


<e»4t4 4 if »* 1 i 

T.tthtft htnitsi 


»•*! 4 '*i 

. . * I \ ■».» 
»>«» 

»»at 
.•k« t»*i 
»•»* 


«»• 9 j i 

la-'t . aiitt awi l««l}»«aa «xurf.* ' u-e»' 

C**» 4 * 44>4 •«*> 4 * 44 « e« 9 lfS««» • 4 ««.f «444 • 4 >* 4 i 

.aaal'ali »'.» •**“ * * ji*** «*• r*#!!**}* ttil'i 

i. 'i,;*; ■. ! .: ;.ji;;;. ::::!►•!! :::sh;!! ::::: 

» 4 Hi 4 »» 4 *» 'V««c*V* 4 #r ■»* >ii | '* » *' < ti*#* I i« » 4 i 4 44 t* 

attMtSic »’»'!*•■* ’taTilJ.II aitijaa** t*»« 

■ •• 44 XX 4 »r* ,\t»* 4 ’^ 4 'i «*I 4 t> -> 44 i»££l * is A •••*« 

r 4 *C* 49 *i. « 4 «'t 4*«4 ** 44 f^ 44 » X 44444 V 43 

:;rt{::s; ’."iu::. ts-.hjti ;!?{(.»* nni 


|! h ! mm 


m I II iinj 

HI ill I 


*»»» »»»»> 1 ^ 4 * 

»••» k > 

:st! .:i; «« 


♦*n|« £*• 

• * 4 .«i 4 w 44 ^ 

»a« 4 | 4«>4 *••• 4*44 laa*!***! 

»£:at«S* attia 4 b a f a ' ** 

ij.'shit! .5.. !j ! .:;irw 

i««**i*ft»4 -*:•* s**4fr«V4 

I a* aaT«4 aatl If - 4« t4«»A\ 

«?!• ?•?? *n' 


!«• !»*a t«*» JtJtt 

4 > a aaia a*a« a aa »i 

w44 «**X .41*44 


*•** •*•« 
• 4*4 441 ' 

«♦?;. *».. . 

mt tsiw 
**t* ftTt 

lS«I 2*4- 

• *it >*»:> 

i *44 

uu 

tt;i ;4. 


II ill 

it"! Mn 


4 * 4 * S <s> 
44«4 «*44 

i»i>« *■ »u 
. >a» w «a 
aaaf *»»f 
«« I «444 

5H* isH 
< ♦»» 

J.U ’ 4 ', 

jia nil 

ll 


• i i* iriJiaff '.*4i itit .*.4 ai.i 

s w :.i* n:: .itt r.:i .:i tut 

; ^♦r. rnnn; tnt n*^r rtn ttn ns? 

: *}n jjW;’; ;j;j s*jj jjf jj*j iSH .*j |3 

a *•« «■••« *•«* * 44 * »*’i 

• > * <]*«| 44 (W •*** 4*4 ii»» »ai* ••»( « 4*4 

«4.«ft4.. *»4* •'* 1**4 *4*4 

• at** **-^r|sfci* **»• » »» »**♦ »•*" ♦•4f ♦**• 

^ 44*4 .«*«»4*x** J.*** Ma* •♦♦♦» **♦♦ ♦♦♦♦ 

« *«aa f4aBf*«a- 4 ■* «*44 tt4* f*4> *44* 4<*t 

» •*** ‘‘tilJiJJ 4*^4 »S*| *»?* *•?* *jtj tjtt 

. *||« **-*i«*sC 4 4* »*ft (•*« »•*' •t*l itft 

*■ s4i*«i4' *4*»-A**«r» tsaft* ' t ** f4 - 

• *}»t 4*-*|**S» !»*« *4*1 4*14 t!l* llfl 

1 *•*« *tf* •**■♦ 4 *M iiii ill! 


»t*» »**l*4*« 

tHt -HttlnH 


jss; !U! 

l«*I « 4 «k I 

:;n ssu ; 

llii i i 


« llii* « *♦<« »•*•' 

uHh; nu :n; 

»***♦♦■* •*4r*t4'4*a- 

(«i«*4t »•*« 4**4 

iHiliiH 


• s . r"! i:nt |Jnr j t«;tn}:tn; 

26 to 70 % RH Range iSp 

n})nt5fnt:ntft{ntii«tifnti}n«t»t! nil 
nllj|:!ln|:}n:|ljj|||uni 


.:t| nn •!:: i;n, 
Jitl :;f; tns ins 
4*S( *2*4 *!•* Still 

tftmstf xnr ttnf 

i*:» t«*» •?►! fttll 


iiiiiliiiilliii 


•lil Mi 

» «• aa*> 
a* <*«4 
f ■»* ant* 
«««* > 4 «* 
**«« «*«* 

fifi Ilil 


nnijiiln*: 

•4* H ♦»t**»444 


» ! j| ! 

in: I li 

ttit ! It 


•it *1 *i«* 

iliiti 

** 4 « 1 *M« 


!jj; nn, in. TTTht^ 
,i:: .lit tin nn j!i!|..W 
n*: Jtn tH; tns Httitf 

44*1 4 «*l 4«*4 f»fi l« fl*** 

n *4 *•«• 4 l!^k i* 4 t tc«*» 

44 ««*4 41*1 t<ft *«*«ta«^« 
4 * 1 * 4 * 4 i 4 •* 4 > M 4 I ♦•If***-** 

'•4-i*^***' ++i»i*++*- 


mmm 


[• •••* *«4 *i«* 444 *«v« I »**+T?*?»TfH'^rlT 

:tnl;inl«s!}n::jn;mntjhlsn| 

144441 la* tl*«i*|*»^*l 4 jj*|** 4 >l 4 *»^ 


fill III 


nntin; mi 
.miiiii mi 

iiilii 


mi liii im II! 

nil jlll lli! lijj 


Hi t n ! » 


« 4 *M« ««** * 4 I« 

f *«4 w a «4i ;» 44 »*»I 

|t*4* »1| *2lr Sat* 

il*;!*. '4t*-Ki4 r«4a* ♦4*4- 
1**44 »»i» •»l »*»* 

‘m "li ri; •••• 

r sst^ •:tt *:,? 


Ill 


u*4 i*** 

• 4tr, «•»' 

in; ;s!t 

ijilSi 

iiip 

li 

mt tm 

'iit 4»8» 
H** 4 * 4 * 

i:j! mt 

UlillU 

It . 4 4 *«a 
M»« •♦♦t 
1**4 ***« 


r t!|n{T|r n^ -ntt ttn’ 1m 1IIT |ft 

-i?****** *•#* ** 5 I- *l* 4 |i*i» jjii' ijii j|t| 1 ^' 

s®, -ill i!ii liii aw Mil it 

-- - .. .. **-« **J* •••'*••»•• ••••*••*» -••• *** 





♦*a ♦••V ^**«»'**» 

r-;; .:t\ • :r:;. 

*r; v i 

* 444 4*4*- 4*4**4««4 
k • .4 44*4 • «a| 1 < 

'•••« »••« . «l ^ > 

*J*» • *'!*» ■■ 

*« 4 « 4444 * »e* *» f» 

t 'a't'ftaSa *it 

44 * . 4*1 Ij-.a-y. ^ 

4 J 44 - t y **T ** r^ 

» .a t> 44 - * 

* 4*4 S«** >•••♦••»• 

#♦•4 * 44 * ^** 4 i 4 ** 4 - 

\tu IS*; 

nn lit: 


• 444 . *4^*444444- 

:-r r-!!*;?' 

w . t. « ( 1 • I 

t, .jttS**-** 


**-4«la44* *-•*• 

IsH i:il 


*f* ‘♦••I 

lli nintlii nljlmi n il 

- 44 * 44 * 4 l 44 *ll 4 **H«* 4 * «*»**' 


j ( 44 t j 

1 »«i tttt ♦«» •t**r 

1 a»4r:*s**4v*» 


♦ * • 4 s « 




** 4 «a** 4 *a|*« 4 «i» 4 *a I - **if • 


vfm- 


miUmiHUim 
vmr tmiiii 


i * -• *J»* 

11‘sjhsJt 

! r t« 

**l 4 ««*t 4 

t ttS*** t 


0 ^0 


««• t n« ' i » I 

S! I ! j 


40 50 60 

Relative Humidity, % 


+ 0 . 06 % H 2 

Appropriate 
Calibration 
Reference Point 

- 0 . 06 % H„ 


iui Ji }t|l|| ■ 

ififpi 

il|ii 

nit iln tj 1 in 

Hiiil 1 1 1* 

ill if III iH 

- ! »4 tSS ** 4 t *• t 

»»ftt Si* i^** *♦ 4 

sill 

nii III: 1m Im 

iiii 

< .4 > S»S« 14 t *} 4 

*i*iM^ ^ 4 4 , 4 -4 4 i 4 4y*»* 

< ttkatM (»•« 4 « 4 j 

. 4«»t4 *• ■» 4444 

! 4 i*ct* •*•* «a«i 

ti***!****' *4*4 #444 

.1 *}*•<• *♦*» »▼•* 

I »H HI 


FIGURE 17 EFFECT OF RELATIVE HUMIDITY ON CALIBRATION PLATEAUS 
AFTER IMPROVED ANODE SUPPORT 


27 




JCife Systems, Jhc, 


Bac kground Zeroing 

It is possible that very small (permissible) background IL concentrations will 
sometimes be detected in the vicinity of spacecraft usfng/generating subsystems. 
Experiments showed that sensor outputs due to such backgrounds will add directly 
to, and interfere with, the in situ calibration plateaus. Therefore, a concept 
for electronically subtracting this influence prior to the in situ calibration 
was developed (Figure 3), Initially, prior to establishment of extreme TRUS 
baseline stability, purging of the TRHS sensor head of background Hg with 0« 
generated by the WVE (reverse polarity) was investigated (unsuccessfully) to 
enable the electronics to dis.tinguish between instrument baseline drift and 
background. Since essentially no baseline drift occurs, purging will be 
unnecessary. 

TRHS SUBSYSTEM DEVELOPMENT 

Following successful evaluation of the TRHS sensor head, a TRHS Subsystem was 
developed to integrate this device with fully automatic signal conditioning, 
failure mode detection/isolation and in situ calibration instrumentation. 

Subsystem Design 

The autocalibrating TRHS subsystem is defined in Figure 18. The basic TRHS 
sensor head was developed previously. The designs for the Hydrogen Gas Monitor 
(HGM) and Hydrogen Sensor Calibrator (HSG) were based on the operational re- 
quirements of the TRilS sensor head for signal conditioning, fault analysis, in 
situ hydrogen atmosphere generation and automatic calibration adjustments. The 
general design specifications for Subsystem development are listed in Tables 3 
and 4. 


Subsystem Hardware Description 

The complete TRHS Subsystem is shown in Figure 19 . The individual components 
are described functionally below. 

Sensor Head 


The sensor head is essentially the same as described for the prior TRHS sensor 
head evaluations, However, based on the results of those evaluations, a 
perforated reinforcement disk has been added to promote uniform pressure over 
the anode surface. 

Hydrogen Gas Monitor 

The HGM is a complete triply redundant sensor system with signal conditioning, 
fault detection/isolation, multilevel alarm and shutdown logic and an integral 
H 2 concentration readout. It can be operated independently of the HSG if 
automatic calibration is not needed, 

This device functions as shown in the HGM block diagram, Figure 20, All three 
redundant sensor signals are converted independently into three (normally) 
equivalent outputs (munbered 1, 2 and 3) by the Triple Redundant Signal Condi- 
tioning, These primary outputs are perpetually compared with each other by 
Fault Detection and Isolation Logic, which; 
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TABUS 3 TRHS SUBSYSTEM DESIGN GOALS 1 


Range, % H 2 -irx-'air 

0 to 2 

Stability, % H 2 /mo. 
Baseline 

±0.003 

Span (at 0.5% H 2 ) 

±0.02 

Linearity, % FS 

±2 

Position Sensitivity, % FS 

±1 

Speed of Response Goal^^^ (2% H 2 “xn-air), s 

<5 

fa) 

Recovery Time Goal^ * (after exposure to 

<30 

full scale), s 

In Situ Calibration Tolerance, % Full Scale 

±10 


(a) 90% of final reading. 
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TABLE A Sm\ OPERATING CHARACTERISTICS 
FOR IN SITU Hg GENERATION 


H 2 Calibration Concentration 

IL Generation Time, s 

WVE Cell Active Area, cm^ (in^) 

WVE Cell Operating Current 
Density, inA/cm'^ (A/ft'^) 

Expected WVE Cell Voltage, V 

Cabin Atmosphere Relative 
Humidity, % 


0*5% H2“ln-air 
90 

5.9 (0.92) 

3.3 (3.x) 


1.6 


26 to 70 


t 
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FIGURE 19 TRHS SUBSYSTW 
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FIGURE 20 HXDRDGEN GAS MOiUITOR BLOCK DIAGRAM 
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• Activates and optionally latches "First Sensor Failed" and "Second 
Sensor Failed" warning lamps if one or two of the Bcnsors, respectively, 
disagrees with the others. 

• Selects a single sensor (normally number 1) for output and automatically 
replaces it with one of the remaining sensors if it fails (optionally 
latching) , 

• Activates and optionally latches a shutdown signal (use optional) if 

a reliable sensor can no longer be identified ("Second Sensor Failed") . 

The selected }L sensor output is further conditioned for both meter and recorder 
(analog) readout through a Meter Circuit, This output is also compared with 
selected setpoints in the H, bevel Detectors and Shutdown Logic to activate 
caution, warning and alarm panel indicators at various IL concentrations, 
corresponding to various levels of combustible gas hazard , A shutdown is 
activated when an alarm IL concentration is reached or if either the Fault 
Detection and Isolation Logic or (optionally) the Fail-to-Calibrate Shutdown 
Logic of the HSC (Figure 21) indicates a shutdown condition. Latched shutdowns 
and panel indicators can be reset or perpetually overidden by applying a 
momentary or constant logic signal to this circuit, respectively, or by depres- 
sion of reset or override buttons, respectively, on the instrumentation panel. 

Hydrogen Seasor Calibrator 


The HSC automatically recalibrates the TRHS by electronically amplifying or 
attenuating the manually calibrated HGM output to correspond to a known, in 
situ generated Jl 2 /air atomosphere. This in situ calibration is performed as 
described in Figure 21, 

Upon manual activation or upon command from the timers (nominally every 24 
hours) the autocalibrated sensor output ^ the HGM is temporarily frozen by 
the Analog Storage Circuit (to prevent disturbance of the HGM outputs and 
level detectors during calibration), and a new in situ calibration begins. 

The timers and sequencers initiate auto zeroing of the sensor output from the 
HGM, to eliminate IL background effects, and cause the currcnt/voltage controller 
to produce the preplateau and plateau (see Figure 2), The plateau continues 
for a fixed time, after which the gain of the Automatically Controlled Amplifier 
is electronically readjusted, as required, to make the output from the HGM 
conform to the plateau atmosphere (0.5% H„) . After returning to idle conditions 
(Figure 2) and a brief recovery period, tne autocalibrated ouput the HGM is 
restored and normal subsystem monitoring resumes. 

In the unlikely event that the calibration adjustment exceeds the range of the 
Automatically Controlled Amplifier, Fail-to-Calibrate Shutdown Logic triggers 
the shutdown output of the HGM to be activated (user option). 

Operation 

Hookup 

The HGM and HSC are interconnected by means of terminal boards located at the 
rear of the two instrumentation packages. The TRHS sensor head interfaces 
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directly with the terminal boards of the HGM and HSG with fanning terminal 
strips. The interconnections between the three subsystem components are 
described in Tables 5 and 6. 

HGM Operation 

Controls . The various control actions of the HGM hove been described in the 
previous subsection (Figure 2.0 and subsequent discussion). These functions 
are defined specifically in terras of the HGM front panel controls in Table 7. 

Manual Calibration . The HGM will have been manually zeroed and calibrated by 
the manufacturer prior to shipment. The zero adjustment should not require 
resetting. Also, because the HGM and HSC are supplied to NASA as a complete 
subsystem, all future calibrations will be performed automatically by the HSC, 
and no manual calibrations will be subsequently required. 

Nonetheless the HGM can be manually recalibrated if it is ever connected as an 
independent unit (see Figure 20 and Table 5). The calibration is performed by 
providing a standard calibration gas atmosphere around the TRHS sensor head 
and adjusting the span potentiometer, R4, at the top edge of each of the three 
redundant signal conditioning boards, P/N 3, such that the front panel meter 
reading agrees with the 11 ^ concentration in the standard atmosphere. The 
r/N 3 signal conditioning“boards for sensors 1, 2 and 3 correspond to sockets 
J15, J16 and J17 on the mother board, respectively. The front panel meter 
reading corresponds to the output of one sensor at a time, which can be manually 
selected with the DIP switch on PC board P/N 40 (mother board socket No. JIO) . 
When the lever 1 of the switch is forward (others back) sensor No. 1 is selected, 
Sensors 2 or 3 are selected similarly. When lever 4 is forward, the normal 
operating position, sensor No, 1 is replaced automatically should it fail. 

HSG Operation 

Controls . The operation of the HSC has been described previously in Figure 21. 
Operation of the instrument is further defined in terms of front panel controls 
in Table 8. 

Autocalibration . The instrument has been setup to automatically recalibrate 
the HGM output every 24 hours. The nominal time of day in which the calibra- 
tion starts is selected by depressing the "Reset" button at the time selected 
for subsequent calibrations. Calibrations will be automatically reinitiated 
at that time each day until subsequently reset. An in situ autocalibration 
can also be initiated at other times by depressing the "Initiate" button. It 
is recommended, however, that in situ calibrations not be initiated more 
frequently than every eight hours to allow the WVE cell adequate time to 
reequilibrate . 


Subsystem Testing 

The objective of the subsystem tests was to manually calibrate the HGM, then 
to establish that all HGM and HSC subsystem controls and operations were 
performing properly. 
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Terminal Board- 
Terminal Number 

TABLE 5 HGM CONNECTIONS l| 

Function 

TBlOl-1 

Ground ' 

TBlOl-2 

Ground -j 

TBlOl-3 

External Override/Reset Signal a. \ f| 

Optional Shutdown Logie Voltage | 

TBlOl-4 

TBlOl-5 

Ground I! 

TBlOl-6 

Ground | 

TB102-1 

(c) i 

Sense Thermistor No. 1 j! 

TB102-2 

Thermistor Common No. 2 1! 

TB102-3 

Reference Thermistor No. 3 

TB102-4 

Sense Thermistor No. 4 1 

TB102-5 

Thermistor Common No. 5 i| 

TB102-6 

Reference Thermistor No. 6 s| 

TB102-7 

Sense Thermistor No. 7 | 

TB102-8 

Thermistor Common No. 8 

TB102-9 

Reference Thermistor No, 9 

TB102-10 

Ground 

. e) 

TB103-1 

Shutdown Out to HSC, TB102-4^7»‘’^, 
Shutdown In from HSC, TB102-5)Jr^ 
Sensor Output to HSC, TB102-2^ 
Sensor Output from HSC, TB102-1'' 

TB103-2 

TB103-3 

TB103-4 

TB103-5 

Shutdown Logic Output 

TB103-6 

Shutdown Relay Output, NO 

TB103-7 

Shutdown Relay, Output G 

TB103-8 

Shutdown Relay, Output NC 
Conditioned Analog Output 
Conditioned Analog Output 

TB103-9 

TB103-10 


(a) All grounds identical. One HGM ground must be connected to an HSC ground. 

(b) Normally N/C. Permits shutdown outputs other than TTL and CMOS (selected 
internally). If needed, consult manufacturer. 

(c) TRHS terminals (fanning strip). 

(d) HSC is bypassed for HGM-only subsystem (output connections and shutdown 
connections are individually jumpered, TB103-1 to TB103-2 and TB103-3 
to TB103-4). 

(e) For complete subsystem hookup, if no shutdown due to faulty sensor is 
desired, leave connection between HGM TB103-1 and HSC TB102-4 open. If 
no shutdown due to fail-to-calibrate is desired, jumper HGM TB103-1 to 
HGM TB103-2 (Leave HSC TB102-4 and HSC TB102-5 unconnected) . If neither 
faulty sensor nor fnll~tO“calibrate shutdowns are desired, leave HGM 
TB103-1, HSC TB102-4 and HSC TB102-5 open, and jumper HGM TB103-2 to HGM 
TBXOl-4, 

(f) (Recorder output, 0-5 volts iUll scale.) 
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TABLE 6 use CONNECTIONS 


Terminal Board- 
Terminal Number 

Function 

TBlOl-1 

Current to WVE -, Terminal No. 

TBlOl-2 

Current to WVE +, Terminal No. 2 

TBlOl-3 

WVE Voltage Sense -, Terminal No. 

TBlOl-4 

WVE Voltage Sense +, Terminal No. 

TBlOl-5 

Ground''^’-' 

TBlOl-6 

Ground 

TB102-1 

Sensor Output to HGM, TB103-4 

TB102-2 

Sensor Output from HGM, TB103-3 

TB102-3 

Ground 

TB102-4 

Shutdown In from HGM, TB103=1 

TB102-5 

Shutdown Out to HGM, TB103-2 

TB102-6 

Ground 

TB102-7 

N/C 

TB102-8 

N/C 

TB102-9 

N/C 

TB102-10 

N/C 


(a) WVE cell terminals on fanning strip. T1 and T2 are jumpered to T3 and T4, 
respectively, for short wire runs to \NE cell: 2-wire ’WVE hookup. (For 
long runs, 4 wire (remote sensing) hookup is used.) 

(b) All grounds identical. One HSG ground must be connected to an HGM ground. 
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TABLE 7 CONTROL FEATURES DEFINITION FOR HYDROGEN GAS MONITOR 
Control Feature Function 


•'Concentration'* Meter 


•'Monitor Status" 
• Lamps 


• Setpoint Buttons 


"Sensor Status" Lamps 


"Override" Button and Lamp 


"Reading Setpoint" Lamp 


Quantitatively displays concen- 
tration. 


Amber, flashing red and red lamps 
Illuminate (latching after 3 seconds) 
to warn that preset concentrations, 
corresponding to three degrees of 
combustiblgsgas hazard, have been 
exceeded . ^ ^ Green (normal) indicates 
that no hazard exists. 


When button depressed, meter displays 
the IL concentration at which the ad- 
jacent status lamp illuminates, per- 
mitting observation of caution, 
warning and alarm setpoints. Does not 
affect subsystem operation. 


"First Sensor Failed" lamp illuminates 
when one of the triple redundant 
sensors does not track the other two 
within a set tolerance. "Second Sensor 
Failed" lamp illuminates when a 
second yof the three sensors does not 
track. Both lamps latch (Optional). 

Overrides all shutdowns. Also, monitor 
status lamps normally latch at the 
highest level observed following 
detection of a hazardous condition. 

When "Override" button is depressed 
current status only is displayed (no 
latching). Adjacent lamp notifies 
that Override is in effect. 


Notifies operator that meter is indi- 
cating a monitor status setpoint, not 
H2 concentration. 

continued- 


(a) (Refer to HGM front panel.) 

(b) Shutdown outputs activated when alarm lamp has been illuminated for 
three seconds. 

(c) Shutdown outputs activated (use optional) . 
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Function 


Restores latched monitor status, 
sensor status indicators and automatic 
sensor selection so that current 
status only is in force and/or 
displayed. 

Activates and indicates activation of 
HGM. 


.arm lamp has been illuminated for 


itional) . 
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TABLE 8 CONTROL FEATURES DEFINITION FOR HYDROGEN SENSOR CALIBRATOR 


Control Feature 


(a) 


Function 


"Set" Lamp 


"Initiate" Button 


"Reset" Button 


"Power" Lamp and Switch 


Always illuminated, except during auto- 
calibration. Shows that the auto- 
calibration adjustment is set and the 
sensor subsystem is currently responding 
to concentrations (WVE in Idle 
model* Extinction of lamp indicates 
that a calibration is occurring. 

Depression manually initiates an auto- 
calibration sequence (at any time) . 

Depression resets all timers and fixes 
the time(s) at which future autocalibra- 
tlon will be automatically initiated. 

Activates and indicates activation of 
HGM. 


(a) Refer to HSC front panel. 

(b) Refer to Figure 2. 
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Test Su pport Ac cessories 

All tests were performed using life Systems' TRIIS test stand, as described 
schematically in Figure 22 and pictorially in Figure 23. This test stand 
provides the capability of maintaining preselected hydrogen concentration, 
temperature and relative humidity environments for testing of hydrogen sensors. 

Checkout Tests 

The subsystems based on TRHS heads S/N-01 and S/N-02 were checkout tested to 
setup the instrument prior to shipment and check basic operational performance. 
These tests included; 

• Electrical verification of all fault detection/isolation and H 2 
level detection trip points. 

• Conditioning of the H 2 sensing elements in air and 112 /air atmospheres. 

• Zeroing of all three sensor channels of each HGM in air and span 
calibration adjustments of each channel in a 2% H 2 atmosphere. 

• Obtaining additional calibration curve points in 0.|>% 

• Adjusting use conditions, particularly determining the proper plateau 
current for each sensor head to provide a 0.5% in situ calibration. 

• Observing subsystem performance and identifying limitations of the 
current state-of-the-art. 

HGM Calibration Curves . The calibration curves for the two sensor heads sup- 
plied to NASA are described in Figures 2A and 25, As for the PPl and PP2 sen- 
sors, good linearity was obtained (worst case deviation of any puint from a 
least squares straight line was 0.01% H 2 ) . This illustrates that the TRHS sensor 
heads can be manufactured reproducibly. 

Level Detectors . The H 2 level detectors were performance checked. Proper 
detector activation, correct setpoint correspondence of lamp illuminations and 
the shutdown output and correct latching/ reset function were established. 

Fault Detection and Isolation Logic . Correct activation and latching of the 
"first sensor failed" and "second sensor failed" lamps, as well as the second 
failure shutdown, were established. The circuit performed as designed: the 
sensor failure indicator illuminated when the preset tolerances were exceeded, 
redundant sensors replaced "faulty" sensors as required, and shutdown outputs 
were activated when two sensors "failed," 

In Situ Calibration Current Setup . The in situ calibration current of each 
HSC was set up such that the auto calibrated subsystem output (each HGM channel 
No. 1) was 0.5 ±0.02% H 2 (A8% relative humidity in atmosphere). This was done 
by first in situ calibrating the sensors at a nominal current setting and then 
determining the subsystem outputs in a standard 0.5% calibration atmosphere. 

The currents were then reset to a new values and the in situ calibration/standard 
gas calibration procedures were repeated. The currents were finally reset to 
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their projected optimum values via interpoiatioa of the prior output versus 
current data, and the in situ ealibration/standard calibration was repeated 
again to confirm that the accuracy was within the tolerance specified above. 

Sensor Element Response Symmetry to In Situ Calibration . The HSC is designed 
to calibrate a single sensor element in the TRHS head (No. 1), since only one 
sensor output is utilized by the subsystem. Sensor elements Nos. 2 and 3 exist 
primarily to warn of failures. Also, at user option, element No. 2 automatically 
replaces element No. I if it fails. As the subsystem Ir currently adjusted 
and connected, differences between all redundant sensor element output in 
heads S/N-01 and S/N-02 exceeding 0.1% IL will trigger and (internal option) 
latch the sensor failure indicators, alarm outputs and sensor replacement. 

Initially these indicators and output were also triggered inappropriately 
during a portion of the in situ calibration preplateau, apparently due to 
asymmetrical response of the redundant sensor elements to the nonequilibrium 
II2 atmosphere generated during that portion of the calibration cycle, That 
portion of the cycle has no measurement significance. Therefore, the subsystems 
were subsequently upgraded so that the sensor failure indications, the second 
sensor failure alarm output and the automatic sensor replacement feature will 
not latch until just before initiation of the autocalibration adjustment and 
appropriate (plateau) sensor element Intercomparisons. This upgradtj will 
avoid confusion of transient generation effects with actual sensor failures. 

Initially, sensor head S/N-02 also triggered the first sensor faij,ure indicator 
until the end of the* calibration plati«au. This condition, found to be due to 
unequal catalyst coating of the redundant sensor elements, was subsequently 
corrected by adjustment of the coatings. 

Post-Calibration Residual . The HGMs displayed less than 0,1% H„ residual after 
the conclusion of the automatic in situ calibration cycle and restoration of 
the monitoring function (3.5 minute duration, total, including recovery period). 
Therefore the sensor monitoring function for the two subsystems recovers 
satisfactorily after an in situ calibration (0.1% "caution" level detector 
not activated). 


CONCLUSIONS 


1. The TRUS sensor head does not need baseline rezeroing, based on a 
demonstration of negligible baseline change over more than 11 months 
of sensor operation. 


2. The TRHS sensor head will require only infrequent automatic in situ 
calibrations, e 3, biweekly or monthly, based on a demonstrated span 
calibration drift of only 0.02% per month, (Relatively frequent 
in situ calibrations, e.g. daily, may still be desirable, however, 
to maximize the effectiveness of TRHS fault detection/isolation 
capabilities and maximize reliability in critical applications,) 


3. 


The TRHS is linear to within ±0.04% H^ over the range of zero to 
2.1% H„. This linearity is retained after extended operation, as 
demonstrated after greater than five months of continuous operation. 
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4. The TRHS sensor head is virtually ^josition insensitive, within 
±0.005% lift, for a 360 degree rotation about either of its major 
axes. 


5. The TRHS is essentially temperature insensitive over the spacecraft 
cabin temperature range of 291 K (65 F) to 300 K (80 F), 

6. The in situ calibration technique, as Implemented in the TRHS sensor 
head, is position insensitive and appears to be draft insensitive. 

7. The in situ calibration technique, as implemented in the TRHS sensor 
head, is acceptably immune to spacecraft cabin RH variations of 26 
to 70%. Only ±0,06% IL in situ calibration plateau variations were 
observed over this range, versus a specification of ±10% full scale 
(±0.2% II 2 ). 

8. The in situ calibration technique has been successfully totally 

automated, requiring no crew involvement or expendables, and could 
be setup to perform the calibration to within ±0.02% IL at 0.5% IL 
(48% RH) . ^ ^ 


9. Inappropriate latched activation of the fault detection and isolation 
logic during the in situ calibration (ISC) cycle has been eliminated. 
Automatic latch repression during the nonnteasurement portions of the 
cycle and, for one sensor, better equalization of redundant element ISC 
response were successfully implemented, 


10. All autoprotection/fault isolation features including automatic 
triple redundant sensor intercomparisons, failure warnings and 
shutdowns, automatic redundant sensor substitution, Hg concentration 
alarm and shutdown, and a fail-to-calibrate shutdown were success- 
fully incorporated into the TRHS Subsystem and verified. 


11. The TRHS Subsystem has met development objectives. 


RECOIRIENDATIONS 


• Build a prototype TRHS Subsystem with performance goals of reduced 
weight, volume and power requirement, 

• Characterize the prototype TRHS Subsystem extensively with both 
parametric and endurance tests. 

• Perform a flight demonstration test of the prototype TRHS Subsystem. 
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